In the present study, we have utilized a target selective human pregnane X receptor-siRNA (hPXR-siRNA)-adenovirus expression system to examine the contribution of hPXR on the gene regulation of drug-metabolizing P450s in human hepatocytes. Introduction of the hPXR-siRNA adenoviral vector reduced the level of PXR mRNA. After infection with Ad hPXR-siRNA, the basal and ligand-activated CYP2A6, CYP2C8, CYP3A4 and CYP3A5 mRNA levels were decreased signiˆcantly in dose-dependent manners, whereas CYP2B6, CYP2C9 and CYP2C19 mRNA levels were moderately in‰uenced after infection with Ad hPXR-siRNA. These data suggest the distinct PXR in‰uences on the regulation of these genes. The expression of CYP1A2 and CYP2D6 mRNA were not aŠected by the introduction of hPXR-siRNA, suggesting that PXR plays no functional role in the expression of either of these genes. This is theˆrst report to compare simultaneously the relative contribution of hPXR on the expression of nine forms of P450 in primary cultured human hepatocytes. Mutual sharing among nuclear receptors of their binding cis-elements becomes clear now. Thus, the present method using the combination of adenovirus-mediated hPXR-siRNA expression and human hepatocytes may oŠer clear information on the relative role of nuclear receptors such as hPXR on the expression of drug metabolizing genes.
Introduction
It is now widely recognized that a number of nuclear receptors are involved in P450 gene regulation. Among these nuclear receptors pregnane X receptor (PXR; NR1I2) and constitutive androstane receptor (CAR; NR1I3) are major determinants in the expression of genes associated with various aspects of drug metabolism, including oxidative metabolism, conjugation, and transport. 1) PXR is expressed mainly in the liver and intestine, where it plays important roles in detoxiˆcation and elimination of xenobiotics from the body.
2) PXR is activated by a structurally diverse array of xenobiotics, including drugs (e.g., macrolide antibiotics, antimycotics, glucocorticoids), herbs (e.g., St. John's wort) and pesticides (e.g., DDT, pyributicarb). 1, [3] [4] [5] Ligand-activation of PXR and W or CAR stimulates expression of the target gene through binding to elements located in the regulatory regions following dimerization with retinoid X receptor (RXRa; NR2B1). [6] [7] [8] The induction of CYP3A4 and CYP2B6 is mainly mediated through activation of PXR and CAR, respectively. [9] [10] [11] [12] [13] [14] However, it has been reported that PXR and CAR are also involved in basic transactivation of both CYP2B6 and CYP3A4 genes. [15] [16] [17] Hepatic levels of other P450, such as CYP2A6, CYP2C8, CYP2C9 and CYP2C19 are also increased after treatment with rifampicin, a typical PXR activator. 11, 13, 14) It is also reported that CYP2C8, CYP2C9 and CYP2C19 are transactivated through CAR. 18, 19) At present, the exact contribution of individual nuclear receptors on individual P450 gene expression in human liver remain unclear.
For studies of gene transcriptional activation, reporter gene assay systems are mostly used to investigate promoter and enhancer elements to provide information on the gene regulation. The results, however, do not always re‰ect the induction proˆle that was observed in vivo, possibly because of established cell lines, articially fused genes and W or over-expressed transfactors. 20, 21) In most studies of hepatic P450 gene regulation, the HepG2 cell line, which is derived from human hepatocellular carcinoma, has been used. [17] [18] [19] [22] [23] [24] [25] Expression of PXR is detectable but CAR is below the limit of detection in HepG2 cells. 5) In addition, CAR translocates spontaneously to the nucleus in many cell lines, even after the over-expression. The nuclear translocation of CAR is tightly regulated in the liver and primary hepatocytes. 26) Recently, we have reported that the induction of both human CYP1A1 and CYP1A2 are controlled simultaneously through common regulatory elements found inside the CYP1A1 gene. 25) Thisˆnding suggests a possibility that gene expression might be aŠected by neighboring genes. In addition, inconsistent results are obtained from reporter gene assays using established cell lines and from those in the liver.
To overcome these di‹culties, human primary hepatocytes are preferred for the analysis of the function of PXR in the gene regulation of P450s. When hepatocytes are cultured under conditions that restore near-normal hepatocellular morphology and the expression of liver-speciˆc genes, P450 enzymes can be detected in hepatocytes in a manner re‰ecting that in vivo in terms of the magnitude and speciˆcity of P450 induction. 27, 28) Recently, target selective knock-down technology, using small interfering RNA (siRNA), has been developed. 29) This siRNA technology is applicable to speciˆ-cally suppress the expression of PXR and may contribute to the elucidation of the involvement of PXR in transcriptional activation of P450 genes involved in drug metabolism and disposition. However, the e‹cien-cy of siRNA is largely dependent on the delivery system transports the siRNA into target cells. Adenoviral vectors represent one of the most sophisticated expression systems available today. 30) The present study aims to investigate and understand how PXR contributes to the regulation of endogenous human P450 genes in primary cultured hepatocytes. For this purpose we have constructed the hPXR-siRNA adenovirus expression vector to selectively suppress PXR expression and examined the eŠects on the expression and W or induction of nine drug-metabolizing P450s to examine diŠerences in the contribution of PXR in the expression of these genes.
Materials and Methods
Materials: William's medium E, insulin, transferrin, selenium, dexamethasone, phenobarbital and clotrimazole were obtained from Sigma Chemical (St. Louis, MO). Matrigel was purchased from BD Bioscience-Discovery Labware (Bedford, MA). Penicillin-Streptomycin was purchased from Gibco BRL (Gaithersburg, MD). KHEM5310 was purchased from KAC (Shiga, Japan).
Cell cultures: Cryopreserved human hepatocytes (lot. 582; Caucasian, female, aged 60 years) were purchased from XenoTech LLC (Lenexa, KS), and thawed as recommended by the vendor prior to use for incubations. Viability of the cryopreserved hepatocytes was at least 85z at the start of the incubation. The hepatocytes pellets were resuspended in KHEM5310 medium (KAC). Hepatocytes were plated at 2.5×10 5 cells W well on 24-well plates, coated with collagen, type I (Iwaki, Tokyo, Japan). Cells were allowed to attach for 4 h in a humidiˆed atmosphere of 5z CO2 at 379 C. Culture dishes were gently mixed by swirling, and medium containing unattached cells was then aspirated. Fresh ice-cold serum-free William's medium E containing 0.1 mM dexamethasone, 6.25 mg W mL insulin, 6.25 mg W mL transferrin, 6.25 ng W mL selenium and 50 mg W mL Matrigel was added to each dish.
For virus experiments, the day after seeding, cells were infected with 0.05 mL of the hPXR-siRNA adenovirus expression vector (Ad hPXR-siRNA) stock solution (1×10 6 TCID50 W well) for 1 h, and then medium was added to each well and the cells were cultured for an additional 72 hrs. Multiplicity of infection (MOI) was calculated by dividing the TCID50 by the number of cells. For the induction study including virus, medium containing 1 mM phenobarbital, 10 mM clotrimazole, or 0.1z (v W v) DMSO (vehicle alone) was added to the wells 48 hrs after virus infection and cultured for an additional 24 hrs. 0.1z DMSO had little eŠect on expression of target mRNAs.
Construction of the Ad hPXR-siRNA and the infection conditions have been reported previously. 5) Ad hPXR-siRNA strongly suppressed the expression of hPXR protein to a similar degree as that of the mRNA. Ad LacZ, which expresses b-galactosidase, was provided by Dr. Izumi Saito (Tokyo University). We demonstrated that this adenovirus and an adenovirus expressing a non-targeting siRNA, mouse st2b2-targeting siRNA, which does not match any human mRNA, did not aŠect any of the mRNA levels evaluated in this experiment (data not shown). Thus, we used Ad LacZ as a control for the RNA knockdown experiments. Real-time polymerase chain reaction: At the end of the culture period, the medium was removed and total RNA was extracted from human hepatocytes using TRIzol reagent (Invitrogen) and RNeasy Mini Kits (Qiagen) according to manufacturers' protocols. Optical density (OD) measurements were determined on the RNA samples at 260 nm. For the real-time PCR analysis, the TaqMan One-Step RT-PCR Master Mix reagents Kit (Applied Biosystems) with gene-speciˆc primers and probes were used in a reaction volume of 25 mL W tube.
The primer pairs and the TaqMan probes for the target mRNAs are listed in Table 1 . The primers and ‰uorogenic probes for the real-time PCR were purchased from Operon Technologies, Inc. (Alameda, CA). The real-time probe consisted of a reporter dye (6-FAM) conjugated to the 5? end and a quencher dye (TAMRA) conjugated to the 3? end. Real-time PCR was performed in a total volume of 25 mL consisting of 2x TaqMan Universal PCR Master Mix (Applied Biosystems), 300 nM forward primer, 900 nM reverse primers, 200 nM TaqMan probe, 40x MultiScribe & RNase inhibitor mix, and 25 ng of template. Ampliˆca-tion and detection were performed on an ABI PRISM 7900HT Sequence Detection System (Applied Biosystems). The cycling conditions were 10 min at 95 9 C for initial denaturation and activation of AmpliTaq Gold DNA polymerase, followed by 40 cycles of 15s at 959 C for denaturation, 1 min at 609 C for combined annealing and primer extension. A relative standard curve was generated by serial dilutions of total RNA. Ct values of standards were plotted against the log of the respective dilution factors. The slope and y-intercept of the standard curve line were determined by linear regression and used to calculate the input amount of the unknown samples for the respective genes. To standardize the amount of sample, the calculated amount of the gene of interest was divided by the calculated amount of the constitutively expressed glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene in the sample. These normalized amounts were then used to compare the relative amount of target mRNA between diŠerent samples.
Statistical analysis: Data were expressed as the mean±SEM from three or four independent experiments. Comparison of two groups was performed with two-tailed Student's t-test. Comparison of multiple groups was evaluated using one-way ANOVA with the Bonferroni W Dunn post hoc test with Bonferroni's adjustment in a level and the levels of probability were noted (*, pº0.05, **, pº0.01).
Results
EŠect of Ad hPXR-siRNA on expression of PXR mRNA: To determine the in‰uence of hPXR-siRNA expression by the Ad hPXR-siRNA on the level of PXR mRNA, the changes in the level of speciˆc PXR mRNA were determined in primary human hepatocytes by realtime PCR after infection with 4 MOI of Ad hPXR-siR-NA.
PXR mRNA levels were decreased to 22z, 28z and 28z of controls after 3, 5 and 7 days post-infection with the Ad hPXR-siRNA, respectively (Fig. 1) . In hepatocytes transfected with a control virus (Ad LacZ), there was no apparent change in the expression of hPXR compared with virus-free hepatocytes. From these results, three days post-infection was selected as the point of determination in the following experiments.
Speciˆcity of Ad hPXR-siRNA: It is well known that several types of nuclear receptors are involved in P450 regulation. To verify the speciˆcity of the hPXRsiRNA used throughout this study, we transfected cultured hepatocytes with various concentrations of Ad hPXR-siRNA (0.04-4 MOI) for 3 days and determined the speciˆc levels of PXR, CAR, FXR, RXRa, HNF4a, SHP, GRa and VDR mRNAs by real-time PCR. Although clear decreases of speciˆc PXR mRNA were observed in a dose dependent manner after the introduction of hPXR-siRNA (Fig. 2) , no signiˆcant in‰uences were detected on the levels of CAR, FXR, RXRa, HNF4a, SHP, and GRa mRNAs. VDR mRNA was not estimated quantitatively, due to the low detectable level. The reduction of PXR mRNA after introduction of hPXR-siRNA was reproducible in duplicate experiments.
Speciˆc PXR mRNA levels were reduced to 68z, 74 z, 57z and 22z of the controls after transfection at 0.12, 0.4, 1.2 and 4 MOI of Ad hPXR-siRNA, respec- Fig. 2 . Dose-dependency of hPXR-siRNA adenovirus expression on mRNA expression of various nuclear receptors in human hepatocytes. Human hepatocytes were seeded and cultured as described in Materials and Methods. Cells were infected with various MOI of hPXR-siRNA adenovirus for one hour and cultured for seventy-two hours. Values were expressed as the mean±SEM from three or four independent samples. *, pº0.05, **, pº0.01 when treated samples were compared with controls using one-way ANOVA with Bonferroni W Dunn post hoc test with Bonferroni's adjustment in a level.
tively. Thus, the IC50 for hPXR was calculated to be 1.15 MOI of Ad hPXR-siRNA.
Changes in the basal levels of various P450 mRNAs: To conˆrm the in‰uence of hPXR-siRNA expression on well-known PXR target genes, speciˆc levels of CYP3A4 mRNA were determined in human hepatocytes transfected with various MOI of Ad hPXR-siR-NA. Levels of speciˆc CYP3A4 mRNA were reduced in a dose-dependent manner with increasing MOI of Ad hPXR-siRNA (Fig. 3) . The expression levels of CYP3A4 mRNA in human hepatocytes were 59z, 32 z, 34z and 18z of control after infection with 0.12, 0.4, 1.2 and 4 MOI of Ad hPXR-siRNA, respectively (statistically signiˆcant). The IC50 of Ad hPXR-siRNA for CYP3A4 was calculated to be 0.224 MOI.
To characterize the eŠect of hPXR-siRNA expression on speciˆc P450 mRNA levels other than the CYP3A4, the levels of CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6 and CYP3A5 mRNAs were determined. Speciˆc mRNA levels of seven out of the nine P450s examined were aŠected by the introduction of hPXR-siRNA.
Speciˆc mRNA levels of CYP2A6, CYP2C8 and CYP3A5 were strikingly suppressed, and those of CYP2B6, CYP2C9 and CYP2C19 were moderately attenuated following infection with increasing MOI of Ad hPXR-siRNA. There was no clear in‰uence of the Ad hPXR-siRNA on the expression of CYP1A2 and CYP2D6 mRNAs.
Levels of CYP2A6, CYP2C8 and CYP3A5 mRNAs in human hepatocytes after infection with 4 MOI of Ad hPXR-siRNA reached 16z, 29z and 31z of their controls, respectively. The IC50 values of Ad hPXR-siRNA for CYP2A6, CYP2C8 and CYP3A5 mRNAs expression were calculated to be 0.198 MOI, 0.303 MOI, and 1.20 MOI, respectively. The levels of CYP2B6, CYP2C9 and CYP2C19 mRNAs in human hepatocytes were 58z, 63z and 45z of their controls, respectively, after infection with 4 MOI of Ad hPXR-siRNA. Large deviations between experiments were observed for CYP2C19 mRNA levels due to the low abundance in primary hepatocytes. Thus, changes in CYP2C19 mRNA did not reach statistical signiˆcance in this experiment; although a decreasing trend was observed.
In‰uences on phenobarbital and clotrimazole induction: To assess the contribution of ligand-activated hPXR on the expression of CYP3A4, the in‰uence of hPXR-siRNA on ligand-mediated P450 induction was evaluated in human hepatocytes. The expression of hPXR was clearly attenuated following the introduction of Ad hPXR-siRNA, even in the presence of phenobarbital or clotrimazole. The presence of phenobarbital or clotrimazole did not in‰uence the level of PXR mRNA in either the Ad LacZ and Ad hPXR-siRNA treated groups (Fig. 4) . Phenobarbital (1 mM) and clotrimazole (10 mM) signiˆcantly enhanced the expression of CYP3A4 mRNA, to 3.3 and 2.0 times of vehicle control (DMSO), respectively. The induction of CYP3A4 mRNA by treatment with phenobarbital or clotrimazole was signiˆcantly suppressed to 9.7z and 16z, respectively, relative to the virus control (Ad LacZ) after infection with Ad hPXR-siRNA.
Ligand-activated mRNA levels of CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C19, CYP2D6 and Fig. 3 . Dose-dependency of hPXR-siRNA adenovirus expression on mRNA expression of various P450s in human hepatocytes. Human hepatocytes were seeded and cultured as described in Materials and Methods. Cells were infected with various MOI of hPXR-siRNA adenovirus for one hour and cultured for seventy-two hours. Values were expressed as the mean±SEM from three or four independent samples. *, pº0.05, **, pº0.01 when treated samples were compared with controls using one-way ANOVA with Bonferroni W Dunn post hoc test with Bonferroni's adjustment in a level.
CYP3A5 were also determined to characterize the eŠect of hPXR-siRNA expression on these P450s. Seven of the nine P450s examined were altered by the introduction of hPXR-siRNA.
Speciˆc mRNA levels of CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C19 and CYP3A5, were enhanced after 1 mM phenobarbital treatment to 4.1, 16, 2.8, 1.9, 1.6 and 2.0 fold of their controls, respectively. Introduction of Ad hPXR-siRNA resulted in variable degrees of changes in the level of P450 mRNA species. The enhanced expression levels of CYP2A6, CYP2B6, CYP3A5, CYP2C8, CYP2C9 and CYP2C19 by phenobarbital were attenuated following the introduction of Ad hPXR-siRNA to 14z, 16z, 16z, 30z, 39 z and 53z, respectively, relative to the virus control (Ad LacZ) (statistically signiˆcant).
Clotrimazole (10 mM) signiˆcantly enhanced not only the expression of CYP2B6 and CYP3A5 mRNA but also that of CYP1A2 mRNA. The levels of CYP1A2, CYP2B6 and CYP3A5 mRNA increased to 12, 7.2 and 3.2 times that of their controls, respectively. However clotrimazole treatment did not signiˆcantly aŠect the expression of CYP2A6, CYP2C8, CYP2C9, and CYP2C19 mRNAs in the control virus group. The increased expression of CYP2B6 and CYP3A5 mRNAs by clotrimazole was attenuated to 24z and 19z, respectively, relative to the virus control (Ad LacZ) after introduction of Ad hPXR-siRNA (statistically signiˆcant). In contrast, expression of hPXR-siRNA did not aŠect the expression of CYP1A2 mRNA. Fig. 4 . EŠect of hPXR-siRNA on the expression of various P450s. Human hepatocytes were exposed to solvent (0.1z DMSO), 1 mM phenobarbital, or 10 mM clotrimazole for twenty-four hours, forty-eight hours after infection with the hPXR-siRNA adenovirus. Results were expressed as relative expression levels vs. controls. Values were expressed as the mean±SEM from four independent samples. *, pº0.05, **, pº0.01 when treated samples were compared with control using one-way ANOVA with Bonferroni W Dunn post hoc test with Bonferroni's adjustment in a level.
Discussion
In the present study, we have determined the contribution of hPXR on gene expression of hepatic P450s using an adenovirus-mediated target speciˆc siRNA expression system in human hepatocytes as a model relevant to in vivo states. The most advantageous application of siRNA is through the ability to verify speciˆ-cally by knockdown of the role of the functional transfactor in a gene transcriptional pathway. This hPXRsiRNA expression system selectively reduced the levels of hPXR mRNA and protein in HepG2 cells, as reported recently.
5)
The introduction of hPXR-siRNA reduced the levels of PXR mRNA in human hepatocytes in a dose-dependent manner, without obvious in‰uences on the levels of CAR, FXR, RXRa, HNF4a, SHP, and GRa mRNAs after treatment for 3 days (Fig. 2) .
Concomitant with the loss of PXR mRNA, the basal expression level of CYP3A4 mRNA was reduced with increasing amounts of Ad hPXR-siRNA (Fig. 3) . Ad hPXR-siRNA diŠerently aŠected the expression of individual P450s in the absence or presence of typical inducers. Phenobarbital and clotrimazole rather than Introduction of hPXR-siRNA resulted in signiˆcantly decreased expression of CYP2A6, CYP2C8, CYP3A4 and CYP3A5 mRNAs at both the basal and ligand-activated conditions, suggesting a possibility that PXR is a main determinant of the P450 expression in hepatocytes. These results are roughly consistent with those identiˆed previously through the use of the reporter gene assay methods, 15, 19, 31, 32) although the expression of CYP2C8 was not up-regulated by over-expression of PXR in the previous study. 19) Interestingly, speciˆc levels of mRNA for CYP3A4 and CYP2A6, rather than for PXR, were more intensely suppressed at lower concentrations of Ad hPXR-siRNA. The extent of suppression for CYP3A5 and CYP2C8 mRNAs was similar to that of PXR. The extent of suppression for CYP2B6, CYP2C9 and CYP2C19 were lesser than that of PXR. EŠect of hPXR-siRNA on the expression of P450s diŠered among CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP3A4 and CYP3A5. These results might be re‰ected in the diŠerential susceptibilities of the P450s shown above. The mechanistic cause of the variability is unclear, further studies are necessary but it is possible to be a consequence of the number of PXR binding sites in the regulatory regions of these genes. More than three PXR binding sites have been observed in the enhancer regions of the CYP3A4 and CYP2A6 Fig. 5 . EŠect of hPXR-siRNA on the expression of ABCB1 and ABCC2. Human hepatocytes were exposed to solvent (0.1z DMSO), 1 mM phenobarbital, or 10 mM clotrimazole for twenty-four hours, forty-eight hours after infection with the hPXR-siRNA adenovirus. Results were expressed as relative expression levels vs. controls. Values were expressed as the mean±SEM from four independent samples. *, pº0.05, **, pº0.01 when treated samples were compared with control using one-way ANOVA with Bonferroni W Dunn post hoc test with Bonferroni's adjustment in a level.
genes. 15, 31) Two PXR binding sites were found in the enhancer region of CYP2C8, 19) but at present only a single PXR binding site has been found in the enhancer region of CYP3A5. 32) Introduction of hPXR-siRNA moderately decreased the basal and ligand-activated expression of CYP2C9 and CYP2C19 in dose-dependent manners. These results suggest the role of PXR on the expression of CYP2C9 and CYP2C19. CAR may play a auxiliary role in the regulation of CYP2C9 and CYP2C19. Consistent with the present results, CYP2C9 and CYP2C19 have been reported to be up-regulated following over-expression of PXR and CAR. 18, 19, 23) While the introduction of hPXR-siRNA strongly suppressed the ligand-activated expression of CYP2B6, basal expression was only marginally suppressed by the introduction of hPXR-siRNA. Thus, PXR is likely to be essential in ligand-activated expression of CYP2B6, but may not be obligatory on the basal expression of CYP2B6. CAR might play a prominent role in the basal expression of CYP2B6. Although further experiments are necessary, the distinct contribution of PXR in basal and ligand-activated expression of CYP2B6 may suggest functional diŠerences between two PXR binding sites in the enhancer region of CYP2B6. 17, 22) The level of CYP1A2 mRNA was strongly enhanced after treatment with clotrimazole. This is theˆrst report to show that clotrimazole is an inducer of CYP1A2 in human hepatocytes, although clotrimazole has been shown to enhance expression of rodent CYP1A1 W 2.
33)
The clotrimazole-activated expression of CYP1A2 mRNA was however, not suppressed after the introduction of hPXR-siRNA. These results suggest that PXR has no clear role in the expression of CYP1A2. CYP1A2 induction via activation of the aryl hydrocarbon receptor (AhR) is well established. 25, 34) On the other hand, speciˆc levels of CYP2D6 mRNA were not altered after introduction of hPXR-siRNA or PXR ligand. These results suggest again that PXR plays no clear role in the expression of CYP2D6.
Induction studies in human hepatocytes after treatment with typical PXR ligands suggest the association of PXR in the regulation of CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP3A4 and CYP3A5; although PXR involvement has not been shown directly. [9] [10] [11] [12] [13] [14] 19, 32) The combination use of human hepatocytes and the adenovirus-mediated target speciˆc siRNA expression system facilitates clear identiˆcation of the involvement of PXR in transcriptional activation of P450 genes. In the present study, CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP3A4 and CYP3A5, but not CYP1A2 and CYP2D6, have been shown to be under the control of PXR. From the evidence obtained in these experiments, PXR plays a prominent role, not only in the regulation of CYP3A4, but also in the regulation of other major human hepatic P450s, in varying degrees. The detailed mechanisms by which PXR regulates each of the P450 genes were not clariˆed in the present study and await further studies.
Induction studies in human hepatocytes after treatment with typical PXR ligands suggest the involvement of PXR in the regulation of multidrug resistance protein 1 (MDR1W ABCB1), and multi-drug resistance-associated protein 2 (MRP2 W ABCC2); although PXR involve-ment has not been shown directly. [35] [36] [37] In this study, introduction of hPXR-siRNA also resulted in signiˆcantly decreased expression of ABCB1 and ABCC2 mRNAs at both the basal and ligand-activated conditions, suggesting that ABCB1 and ABCC2 are under control of PXR in human hepatocytes (Fig. 5) .
The combination use of hPXR-siRNA adenovirus expression and human hepatocytes would oŠer information on the relative contribution of hPXR in these gene regulations. This is theˆrst report to simultaneously compare the relative contribution of hPXR in the regulation of P450 involving drug metabolism in primary cultured human hepatocytes.
